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(54) 

(57) A coating composition which is comprised of an 
emulsion of a silicone resin, typically a water-insoluble, 
silanol group-bearing silicone resin dispersed in water, 
and contains photocatalyst particles, typically titanium 
oxide forms a hydrophilic film having a water-drop con- 
tact angle of no more than 60° when irradiated with UV- 



containing light. The composition eliminates the use of 
organic solvents and has excellent dispersion and stor- 
age stability. Films obtained by applying this coating 
composition to the surface of substrates have excellent 
weathering resistance and antifouling properties due to 
a self-cleaning effect arising from the photocatalytic ac- 
tion of the particles. 
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d.rec^exoosTd IZT* ^^T 9 C ° mp ° Sltlons whlch are ^lively used to protect the surface of articles 

directly exposed to the atmosphere, such as buildings and structures, and which can form hydroph.lic films The in- 

monfj^n'T 5 ^ flU ° r ° Carbon resins havin 9 excellent corrosion resistance and weathering resistance are com- 
coled 1 

composed of hese resms expenence little degradation from acd rain and long-term exposure to sunlight These paints 
a^arenT Z " ^ ant,f ° U ' in9 H ° We ^ j " ^e^g^T^l 

T^^o ^T n ^**T am fr ° m 3tmOSpheriC ^ dust and ^ -on particles, and acid ra n gradually 
^ 3 deteri ° rat,0n ^ 3PP — ° f ^ ^ ™ ^monstratedL in J 
One known method for conferring antifouting properties to such coatings is by adding an alkyl silicate as a silanol 
group precursor to a coating composition to thereby hydrophilize the surface o'coatings. expio g a S el -cleaning 
but t the self ? " ? W3Shed ^ by rainWa,er Th ' S meth ° d Can P revent contaminant adsorption for a while 
substance < T° 9 h S l9St '° ng bSCaUSe COat,n9S are POOrl ^ WaEer resistant ' allow -g the hydrophiliz ng 

substance to be readily earned away and contaminants to become firmly attached to the coating surface Prior-art 

nadZate nTe^ T / "IT™ ^ b * render ' n 9 ^ coating surface hydrophilic have thus been 

inadequate in terms of the durability and persistence of the desired effect 

nJ* T S 77 n " y t dlSC ,°" ered ( ° render coatin 9S hydrophilic by adding particulate photocatalysts. typically titanium 
co ta, no o Ttr r * APP " Cat '° n W ° 96/293?5) ^ ^ P^ocataiyzed coating's irrad'atedwith uT 
becomes 10° or less Th ■ h " dmph ^ SUCh that the wate ^°P contact angle of the coating surface 

becomes 10 or less. Th,s ,s regarded as a hydrophilization system in which electrons and holes form at the surface 

oZ^:^i^ es upon e r h s r to I,9ht and oxygen and water in the - *<* ^ «« 

SdronhT ? , PeC ' eS ' Ch lhSn PartiaNy decom P° se the silicone resm serving as the binder forming 

h drophi c silano, groups at the surface, where moisture in the a,r ,s then adsorbed Deposited organic contaminants 
a e I n T 7 ^ ^ rMer EVe ° thS that firmly adhere to the coating surface 

are completely oxidized and decomposed by the radical species generated in situ, and hydrophilic properties are thus 

z^T Further r e , because numerous hydroxyi gr ° ups ™ * o Pto z,TX 

typical! titanium ox,de the particles are strongly bound by the binder res.n and are not earned away from the coa ng 
The antifouhng properties can thus be sustained semi-permanently. coating. 

sun,ShToTcTtinnrn Ple h 0f ' h * 9enerati ° n ° f radlca,s b V a P^ocatalyst is the degradative deterioration (chalking) by 
sunlight of coatings in which titanium oxide is used as a white pigment. Pigment-grade titanium oxide is oenerallv 

^a^otradi^n T P" ^ ^ M ^ ^ ^ ^ "* ™^ ^™ 

o mation of radicals. In long-term exposure tests on coatings, the erosion of resin from the periphery of pigment oar- 

^:::zz^Tf on f of s the ; esin by a smaH amount ° f radica,s that - tJ^zxl 

nll h P Photocatalyzed coatings must meet the requirements that it is not readily subject to chalking 

radial S^c S T °' ^ C ° at ' n9 iS due «« ^9* degradation of the resin by the attac of 

radicals. Silicone resins and modified silicone resins are suitable as such resins 

thp nh e t Sl "?r e r ! S ' nS US6d 35 bindSrS in Pa ' ntS and COating a 9 ents are 9 eneral 'V dl| uted with organic solvents Even 
IsoMnoth^ COa,,n9 T P ° Slt,0nS °' abOVe - referred W ° ^/29375 mvanably contamorganic solvents for 
dissolving the silicone resm However, problems associated with the use of organic solvents, such as environmental 

and ro^ e mSho d 9 , a sr ter " b r Sed S '; C ° ne reS ' n COa " ng COm P° sltl °- one meth ° d »ses water-soluble silicone resins 
ran h h * emU,S '° nS ° f wa 'er-,nsoluble silicone resms dispersed in water. Water-soluble silicone resms 

s of these 5 '" i?h ydrOPh '" C fUnCt ' 0nal 9 rOU P- bearin 9 s.lane compounds, but the coatings obtained Th the 
contras t s ifcone'Tes , ' T ^ reS ' S,anC " ' nadeqUat6 f " m hardneSS and ^ weatherin 9 resistance In 

vdroohilic Z s,n emulsion-type coating compositions are suitable as aqueous coating compositions because 
hydrophilic groups need not be incorporated within the resin and water res.stance is excellent 

uloTa'rlnn^T^ a ' kOX t ySi | ane com P° unds ^ or partial hydrolyza.es and condensates thereof, are emulsified 
^LiL?nn US Surfactants to form aqueous emulsions (see JP-A 213046/1983. JP-A 197369/1987 JP A 
S 199 ! ,and JP " A 200793/1991 ^ MlXtUres 0f such aqueous emulsion with an emuteionXi^d by tht 
emulsion polymerization of a polymenzable vinyl monomer are also known (see JP-A 344665/1 994). 
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<ith a chain 



(2 ) A method in which a solvents solid si„cone resin ^^^^ ^ ^ 
silicone compound to form an aqueous emulsion 1"°^™™^^^* jn the presen ce of a water- 

vtrx^^ a " <~ jp - a 

27347/1996). 

.hen,, sui.able ,cr wea.her-resis.an, aPP'^ A ^ Z^XJm^TsL^J -> as in o,he, 
appSo^^^^^ 

corresponding coated articles (substrates) comp os,t,on comprising a water-dispersed emulsion 

the coating surface. , rocine anrl oarticularlv those of the following 

Appropriate silicone resins .nclude silanol group-bearing silicone resins, and particularly 

average compositional formula (1): 

R 1 m R 2 n Si(OR 3 ) p (OH) q O (4 . m . n . p . q);4 (1) 

functional group-bearing hydrolyzable silane of the general tom ^^^^^Z. a hya J phl |,c film 

oven this coatingcomposition has good stability as we,, as ^J^^^ Qn contains reactlve groups , the 

or elevated temperature. Since photocatalyst pamcies are ui^j nartir |es and silanol qroups in the silicone 

ox,de, chemical bonding arises between hydroxyl groups on the surface of he ^^^^ ^ fllm jntenor . 

about 10° or less may ultimately be obtained, we find 

1 Cl Uon S prov,des a coating composition comprising an emulsion of a silicone resin 



Some aspects are set out 
In a first aspect, the present 



J£X X C, ar P =a~*TTn;:o.p;s,on .o^s a n y *oph, fc *n na.np a wa.e^op oon.ac, 
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angle preferably no more than 60° when ,rrad,ated with UV-contain,ng light 

ave^S^Z'ZS n, 6 8fc0ne iS PreferaW> — -lane, group - b ea n n g spoons r es,n * tho 



" „Si(OR ) p (OH) q O (4 . m . n . p . q)/4 (1) 

group; 
, irbon gr< 



CH 2 =C-R 5 -Si-(OR J ) 3r (2 

radical-polymerizable vinyl monomer Water -' nS ° lub,e S,lano1 9-up-beanng silicone res,n of formula (1 , and the 
Especially the emu,s,on of a s,„ C one res,n dispersed ,n water has been obtained by the following steps comprising: 

S " an0 ' 9rOUP - bear ' n9 — - « — ^ » 
lesion 0 ; 'rer"^ 0 ^ 01 * hydr °' ySIS ^ ^ mbrtu " to ^ <** «"e ^ grouping silicone 

ilo d n?rLlTndta7e^ T' ™ n ° m<5r '° ^ 8y8t6m COnS1Stln 9 """tially °' the silano, grou P -bear,ng 

(d) emuls,on P olymer,z,ng the silicone res,n-contain,ng solution in the presence of a surfactant 

In a th.rd aspect, the invention provides an article or object coated with such hydrophilic film. 
FURTHER EXPLANATIONS: O PTIONAL AND PREFERRED FEATURFS 
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For example, in emulsion preparation methods (1 ) and (3) to (6), when a silane compound is added to water its 
alkoxy groups come into direct contact with water and undergo partial hydrolysis, inevitably resuming m the to rma on 

0 alcohol by products, wh.ch lowers the stability of the emu,s,on and also leads to an increase in he ^ ul» -eight 
of the resin It is therefore difficult to maintain the storage stability of emulsions produced by these methods, and 

1 ea^ hg he content of the silicone ingredient only serves to further reduce the storage stability. Method 2) provides 
he advantage that alcohol does not form, but because the aqueous emulsion is dispersed by mechanical ag.tat.on_ .t 
s diSt to achieve a small particle size, and so the emulsion stability is poor. Hence, with the methods known to the 
Parlor art, it is more difficult to produce stably dispersed silicone resin emulsions which are substantially free of organic 
solvent and have a high silicone resin content. a r it 

Furthermore in coating compositions where both an emulsion and photocatalyst particles are presen together it 
is des ra^To "ch eve as well the dispersion stability of the photocatalyst particles. The photocatalyst parties disperse 
ou hout the liquid via electrostat.c repulsions between surface charges thereon. If an ^^^^ 
dielectric constant forms as a by-product, the photocatalyst particles tend to agglomerate, which s why ,t is bes to 
minimize alcohol formation. To maintain the photocatalyst particles dispersed, ,t is sometimes desirable to .adjust the 
pH of the composition over a broad range of from strongly acidic to strongly alkaline. The emulsion is required to rema.n 
dtahlp pven under such demanding conditions. 

3 One Ithod that is especially suitable for producing such highly stable emulsions involves ^ep^hy^z.ng 
and condensing a hydrolyzable silane to form a silicone resin, mixing the silicone resin with a rad.cal-polymenzable 
ZTn^oZ ^oL a monomeric mixture containing substantially no organic solvent, and emulsion polymerizing 
the monomeric mixture in water. More preferred method involves the following steps comprising: 

(a) obtaining a reaction mixture containing the silanol group-bearing silicone res.n of formula (1) by hydrolyzmg 
and condensinq a hydrolyzable silane in water, 

(b) removing a by-pLuct of hydrolysis from the reaction mixture to leave only the silanol group-bearing silicone 

Z) rd^ngTadfcal-polymerizable vinyl monomer to the system consisting of the silanol group-bearing silicone resin 
and water, dissolving the silano. group-bearing silicone resin in the ^al-polyme^ 

removing water therefrom to obtain a s.lanol group-bear.ng silicone resin-containing solution of the rad.cal-oolym 

51 te £f^:;£ silicone res,n-conta, n ,n g solution in the presence of surfactant. Methods suitable tor 
preparing the silicone resm of which this emulsion is composed and methods for producing emuls.ons containing 
this silicone resin are described more fully below. 

The silicone resin used in the invention is preferably a silanol group-bearing silicone resm, and especially one 
having the following average compositional formula (1): 

R 1 m R 2 n Si(OR 3 ) p (OH) q O (4 . m _ n . p . q)/4 < 1) 

wherem R 1 is unsubstituted monovalent hydrocarbon group: R* is substituted monovalent ^d^^^XT.ntes 3 - 
unsubstituted or substituted monovalent hydrocarbon group: and letters m, n. P and q are numbers falling in the ranges. 
O3<m<180<n<l0 0 < p < 2 0. 0 < q < 1.7, 0.3 < m+n < 1 .8. 0 < p+q < 3.0 and 0.3 < m+n+p+q < 4.0. 

"The'unsubstTtuted monovalent hydrocarbon group R 1 in formula (1) preferably has from 1 to 10 carbon atoms 
Examples include alkyl groups such as methyl, ethyl, propyl, isopropyl. butyl, t-butyl, hexyl. cyclohexyl. octyl and decy 
alke^l 9 o PS -en asvmyl a.lyl 5-hexeny, and 9-decenyl: and aryl groups such as phenyl. Of these methy . propyl, 
hexvl and phenyl are preferable. Methyl groups are preferable when weathering resistance is required, the use of long- 
cham ally, groups is advantageous formore qu.ckly rendering the coating hydroph,l,c, and phenyl groups are preferable 

^Se^ 

> qroup e g having from 1 to 10 carbons, in which some or all of the hydrogen atoms have been substituted. Examp es 
TsubstiLnts that may be used include (1 ) halogen atoms such as fluorine and ^^^^^ A) ^ 
such as glycidyloxy and epoxycyclohexyl, (3) (meth)acryl functional groups such as methacryl and ac y I 4) amino 
functional groups such as ammo, aminoethylamino, phenylamino and dibutylamino. (5) sulfur-containing functional 
groups su h as' mercapto and tetrasu.fide. (6) alky, ether groups such as (po,yoxyalky,ene)a,ky, ether (7, an^c 

s groups such as carboxy, and sulfonyl, and (8) quaternary ammonium salt structure-containing groups. «fl 

functional groups (2) and (me.h)acryl functional groups (3) are preferable as reactive groups E «mplan/ sutart. tuted 
monovalent hydrocarbon groups include tnfluoropropyl, perf.uorobutylethyl. perfluorooctylethyl. 3-chloropropyl. 2- 
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oxTnThv 3 annTnnn " , ^ c ^ to ^ r ^ 2-(3.4-epoxycyc,onexyl)eth y l, 3-(meth)acry,oxypropyl, (methjacry- 
oxyme thyl, 3-aminopropyl, N-(2-am,noethyl)am,nopro P y!, 3-(N-phenylamino)propyl, 3-dibutylaminopropyl 3-mercap- 
topropyl. poiyoxyethyleneoxy-propyl, 3-hydroxycarbonylpropyl and 3-tributylammon,um propyl The use of epox m 
no and mercapto functional groups is desirable for enhancing adhesion to the substrate. When copolymerization with 
a vinyl polymer * to be earned out, the use of radical-polymenzable (me.h)acry, functional groups or mercap o fun 

9 r ps r r as \ chain transfer agem ' ,s pre,erred when wem ^ 0^^^ ^ PO , ym t iZg 

bonds other than siloxane bonds, it is sufficient to introduce functional groups capable of reacting with the organic 



functional groups on the vinyl poi y mer. Examples include the 



reaction of epoxy groups with hydroxy groups, amino 



groups, carboxyl groups and the like; and the reaction of ammo groups with acid anhydride groups 

The OR3 group iri formula (I) is a hydrolyzable group ,n which R3 may be, for example, an unsubstituted monovalent 
hydrocarbon group such as an alky, group (e.g. of 1 to 6 carbon atoms), an alkeny, group or an aryl group or an Tot 

me,hox U Ith" 0 "" hydrOCarb ° n 9r ° UP SUCh 83 ^ a ' k0Xya,kyL EXamp,6S ° f the hydrolyzable'group Off fnclude 
methoxy, ethoxy, propoxy, ,so P ro P oxy, butoxy, secbutoxy, t-butoxy, isopropenoxy and phenoxy. The use of methoxy 

TacZTa^aTltZTn ^ ^ X ° d ° W ' th the and condensation 

reactivity, as well as the stability within the emulsion. 

th P Inn*™ n b ^°' Un : U D bS ' ,tUted hydrocarbon groups m and the number of substituted hydrocarbon groups n fall in 
the ranges 0 .3 < m < 1 .8, 0 < n < 1 .0 and 0.3 < m + n < 1 .8. The number of h y drol y zable groups p and the numbe of 
s,tano, groups q fall ,n the ranges: 0 < P * 2.0, 0 < q * 1 .7, and 0 < P+q <_ 3.0. When m is fees fhan 0.3. the conte o 

^no^X^"^ 0 ^ " ' OW ' S ° ' hat COatm9 bSCOmeS ,0 ° hard and crackin 9 tends to arise in the cured 
coatmg. On the other hand, when m ,s more than 1 .8, the large number of resulting chain units gives the cured coating 

Len mo r Ua ' t ' C i ePnVeS " ° f adeQUale reS ' StanCe 10 marm9 - A ValUS f ° r m Wlthin the -nge of 0.5 to 1 5 is 
ZZ hS h 0 IS m HH e than 1 °' h ' 9h C ° ntent ° f bUlKy ° r9an,C fUnCtl ° nal 9 rou P s makes it difficult 
n the "anas of to oTh' f Tl° ^ ^ re8i8,anCe Hence < n 13 a number th at ™* 

Znl n < preferably the range of 0.05 to 0.8. If it ,s not necessary to impart the above-described 

sum m ^ anSin tH ° m ?n 9 o niC fUnCt ' 0nal 9fOUP R2 th ' S ° r9aniC funCt,onal 9 fOU P R2 need not be included The 
anae ,n m n th r3n9e V° ' *' *"* ,he r8n9e ° f 0 5 t0 1 5 The reasons for se «-g this optimal 

on?en t "n + * ! * fT? " ^ r6aS ° nS 9 ' V6n ab0ve ^ m " The M ^ are essential, but a s,lanol group 
stebS 1 \ 13 ^ dSSirable because the resin becomes unstable. To assure a good storage 

stability as well as a h,gh curability, a range for q of 0 001 to 1 .5 is more preferable, and a range of 0 05 To 0 8 is most 
pre erable. In addition to the silano, groups, crosslinkable hydrolyzable groups OR3 may also be present ,n an moun 
where p ranges from 0 to 2 0, and preferably from 0 to 1 .0 Above this range, hydrolysis readily occurs in water resulting 
n the undesirable formation within the system of alcohol, an organic so.vent, as a by-product. The sum p+q of the 
iTnTlVT I" " 3 ran9S ° f ° <P+q< ~ 3 °- Preferabl * ° < ^ * 1 °- When '"is sum is o" e g 

tlZ is nd^'l? 3 Z T * 6XCeedS 3 a m ° leCUleS b6COme Sma " and the water solubil "V becomes good 
which is undesirable. In addition. m,n,p and q satisfy 0.3 <m+n+p+q< 4.0. 

silicone resins suitable for use herein desirably 

TJHIT 6 abOVe t CO fl ons - and at the same time, should also contain s.lanol groups and not be soluble by 
themselves ,n water. If they are soluble in water, undesirably the silicone is not completely incorporated into the 
?ho Pe h S ?h Unn9 emU ' S,fiCation 6 9' ^ homom - er ° r ^r,ng emulsion polymerization. Accordingly even 

of r I e h S ' C °H ne TV?* ^ Pr ° dUCed by any meth ° d S ° '° n9 35 the above condltions are satisfied the use 
of the methods described below is preferred 

Silicone resins havmg above formula ( 1 ) can be obtained by hydrolyzing and condensing a mono- to tetrafunctional 
SZZ !?? 3 ^ S " an , e) EXamPl6S ° f Star,in9 sibne include, without „m,tat,on meth 

e hoxvs lanl n ^1™^^ methyltriethoxysilane. e.hyltrichlorosi.ane, ethyltnmethoxysilane. e.hyltn- 
e hoxysilane, n-propyltrichlorosilane, n-pro Py ltr,methox y s,lane. n-propyltriethoxysilane. n-hexyltrichlorosilane n-hex- 
Z Z T T n - h ^V ltriethox V-'ane. n-dec y itr,me,hox y s,lane, n-decyltriethoxysilane. phenyltnchlorosilane phe- 
nyltr.mehoxy8.ane. phenyltriethoxysilane. tetrachlorosilane. tetramethoxys.lane. te.raethoxysilane dimethoxydl 
2r d ; methyld f '°- Slla ^ dime. hy .d 1 methox y s„ane. d,meth y ,d,e,hox y si,ane. diphenyLchloros^ne d,ph - 
vldfemo !Z a ? S yi^ e ^y^ Phen y imeth y ld,ch,oros„ane. p h en y ,me,h y idimethox y s„ane. phenylmeth- 
3 0 ^^.vcidoxvnron r ' C, ;' 0r0hydr0Sllan ^ trimethoxyhydrosibne. triethoxyhydrosilane. 3-glyc,doxypropyltr,methoxysilane 
3-gl y c,doxypro P yltr,ethoxys,lane,3-glyc,dox y prop y lmeth y idim e thoxys,lane.3-glyc,doxy P ropylmethyW 2 - 
(3,4- ep ox y c y clohex y i)e.h y l,r,methox y s,lane. 2-(3.4-e P oxycyc.ohexyl)e.hy.trie«hoxysila^e. l(met^ 
^xToZlm^ ? rt T ^'^'-yP-Py-'hoxysilane. 3-(me.h)acr y ,oxypropy,me,hyld,methox y s,lane. 3-(rnl acry. 

V T 0 ^ 6, 3 - amino P r °Py |tr ^.hox y s,lane, 3-aminopropyl.riethoxysilane. 3-aminopropylmethyl- 
^^ S, ^ e - t ^^^ im ^y^^^ a-mercaptopropyltrime.hoxysiloxane. 3-mercap,opro Py itri- 
ethoxys.lane, vmyltnchlorosilane. vinyltrimethoxysilane, vmyltnethoxysilane. trifluoropropyltrichlorosilane r,f, orj - 



EP 0 857 770 A2 

pyltrimethoxysilane. trifluoropropyltriethoxysilane, and partial hydrolyzates thereof. The use of methoxysilane or ethox- 
y si lane is preferred because they are easy to handle and the by-products are easy to d.stil. off. These silane compounds 
and their partial hydrolyzates may be used alone or in admixture of two or more thereof. 

Tw^ exemp Jy methods for producing silicone resins of formula (1) by hydrolyzing the above-mentioned hydro- 
Ivzable silane compounds are given below. „„„,.x~^ 
in the first method, the silane compound is hydrolyzed in an organic solvent selected from aromatic hydrocarbons 
such as toluene and xylene, hydrocarbons such as hexane and octane, ketone compounds such as methyl ethyl ketone 
and methyl ,sobutyl ketone, ester compounds such as ethyl acetate and isobutyl acetate, and alcohols such as meth- 
anol ethanol. isopropanol, butanol. isobutanol and t-butanol. The harmful organic solvent must then be removed e,«ier 
a atmospheric pressure or in vacuo, from the resulting si.icone resin, which is water-insoluble by .tsetf. The organic 
solvent may simply be removed to give a v,scous liquid or a solid. Alternatively, one may add a h.gh-bo.hng radical- 
polymerizable vinyl monomer to be used in the next step, then drive off the low-boiling organic solvent ,n the presence 
of the vinyl monomer to leave a solution which contains no organic solvent 

The second method that may be used for obtaining the silicone resm of formula (1) from a hydrolyzable s.lane 
compound involves the hydrolysis of a hydrolyzable silane compound other than chlorosilane in water in order to 
remove the organ,c solvent and also to induce the growth of the silicone resm to a degree where ,t becomes insoluble 
n walr the hydrolyzed product is heated at atmospheric pressure or in vacuo to distill off the organ* solvent. A part 
of water may be distilled off together. Then a silicone resm bearing numerous silanol groups which contains no organ, 
solvent and is insoluble in water is obtained in a state either dispersed in water or separated anc I preoprta ted o u rom 
water After separating the silicone resin from water, a radical-polymenzable vinyl monomer may be added to the silane 
Tesin t^L a solutio'n thereof. Alternatively, one may add a radical-poiymerizable vinyl monomer to the aqueous 
dispersion of the silicone resin, then separate out the silicone resm as a vinyl monomer solution thereof. 

P Hy"o,ys,s catalysts may be employed when caring out hydrolysis. Catalysts known to the art may e used as 
the hydrolysis catalyst, although preferred catalysts are those wh,ch exhibit a P H of 2 to 7 as aqueous solutions. Pre - 
erable hydrolysis catalysts include acidic hydrogen halides, carboxylic acids and sulfonic acids acidic or weak y ac die 
"organic salts, and solid acids such as ion exchange resins. Examples of such catalysts include hydrogen fluoride, 
ydrochlonc acid, nitric acid and sulfuric acid, organic acids such as acetic acid and maleic acid methy suifon, cac£ 
and cation exchange resins having sulfonic groups or carboxyl groups on the surface. The amount of the hydrolys.s 
catalyst is preferably within a range of 0.001 to 10 mol% per mole of hydrolyzable groups on the silicon atoms. 

Each of these sLone resins can be m,xed with radical-poiymerizable vinyl monomer as the second component. 
The resulting mixture is emul 



pulsion polymerized in water, thereby producing an emulsion. The radical-poiymerizable vinyl 
monomer may be selected from the following vinyl monomers known to the art, so long as the vinyl monomer which 



used can be radical-polymerized: 

(a) (meth)acrylic acid esters such as the methyl, ethyl, propyl, isopropyl. butyl, isobutyl, octyl, 2-ethylhexyl, lauryl, 
stearyl and cyclohexyl esters of acrylic acid and methacrylic acid: 

(b) carboxyl group- or carboxylic anhydride-containing vinyl monomers such as acrylic acid, methacrylic acd and 

^hTdroxyl group-containing vinyl monomers such as 2-hydroxyethyl (meth)acrylate and 2-hydroxypropyl (meth) 

(d7am.de group-containing vinyl monomers such as (meth)acrylamide, N-methylol (meth)a C rylam,de, N-methoxy- 

methyl (meth)acrylamide. N-butoxymethyl (meth)acrylamide and diacetone (meth)acrylamide. 

(e) amino group-containing vinyl monomers such as dimethylaminoethyl (meth)acrvlate and diethylammoethyl 

In alkoxTgroup-containing vinyl monomers such as methoxyethyl (meth)acrylate and butoxyethyl (meth)acrylate: 

(g) glycidyl group-containing vinyl monomers such as glycidyl (meth)acrylate and glycidyl allyl ether: 

(h) vinyl ester monomers such as vinyl acetate and vinyl propionate: 

(i) aromatic vinyl monomers such as styrene, vinyltoluene and a-methylstyrene: 
(I) cyano group-containing vinyl monomers such as (meth)acrylonitrile: 

(k) vinyl halide monomers such as vinyl chloride and vinyl bromide: 

I) vinyl monomers having two or more radical-polymerizable unsaturated groups per mo ecule such a div ny - 
benzene, allyl (meth)acrylate, ethylene glycol di(meth)acr y late, diethylene glycol di(meth)acrylate and trimethyl- 

vinyl monomers such as (poly)oxyethylene mono(meth)acrylates having 1 to 

In^ZaZX^anes^ from 1 to 200 sHoxane units and having a radical-polymerizable functional group 
at one end, such as dimethylpolysiloxanes having a (meth)acryloxypropyl group at one end and dimethylpolysi- 
loxanes having a styryl group or an a-methylstyryl group at one end: and 
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ll 0 ?,? yn ;! 9 gr°up-conta,ning silane compounds, such as vinyltnmethoxysilane, vinyltriethoxysilane 
«nyhnethykJ.methoxy3,lane. vinylmethyldiethoxysilane, 5-hexenyltrimethoxysilane, 3-(meth)acryloxyprop y ltn- 
methoxysilane 3-(meth)acryloxypro P yltriethoxysilane, 3-(meIh)acryloxypropylmethyldimethoxysilane 3-(meth) 
acryloxyprcpylmethyldiethoxysilane, 4-vinyl P henyltr,methoxysilane, 3-(4-vinyl P henyl)pro Py ltr,methoxysilane and 
4-vmy[phenylmethyltnmethoxysilane. 

^f 89 ,: ^ US ° ° f al ^ yl < m eth)acrylates having alkyl groups with from 1 to 18 carbon atoms is preferred The 
con en o , V < meth ^ aCrylate IS P referabl V about 1 to 100 moi% of the radical-polymerizable vinyl monomer' At a 
content of less than about 1 mol%, chem,cal resistance and other desirable propert.es may be less good A content 
within the range of 30 to 99 mol% is even more preferable 

npn| ^ n en end , OWin9 thS CU : ed f,,m with such Pities as solvent resistance and chemical resistance, it ,s advanta- 
geous to copolymers a radical-polymerizable monomer bearing a crosslinkable functional group 

Preferable examples of such monomers include the radical-polymerizable functional group-bearing silane com- 

arol Ltfn T (0> 3bOVe WNCh 8b,e '° f ° rm S " OXane b ° ndS V ' a 3 -ndensation reason, and the glyadyl 
group-beanng vinyl monomers such as glycdyl (meth)acrylate and glycidyl allyl ether classified into (g) above which 

OHhe woc^r ^ 9r ° UP th3t ,S 6XPeC,ed l ° CrOSSMnk V ' a 3 CarbOXy " C aCld/e P° Xy ring-opening reaction 

™^;^~ d ' S PrGferable b6CaUSe ^ ° th6r emPl ° yed ' n ^ — Sy -m is a 
the folSCgen'elanol:;' (2): * & group-bearing hydrolyzable s„ane of 



R R „ 
I I r 

CH 2 =C-R 5 -Si-(OR 3 ) 3 



TZtZZ^ 3 hydr ° 9e K n t T ° r 3 m6thyl 9fOUP: R5 ' S 3 d ' Valent ° r9an,C 9 r0U P such as an a'Wene. arylene or 

COO I ? 9 n°i P o TJ° m 1 3° 10 Carb ° n at ° mS may haVe an interven,n 9 ^ such as oxygen and 
-COO-, letter r is 0, 1 or 2: and R 1 and R 3 are as defined above. 

frnm^niT^n 1 °' T viny| -P o| y mer ' zab| e functional group-bearing hydrolyzable silane of formula (2) is preferably 

Outeide h s 1" « i Pre ' erably fr ° m ° 1 t0 5 m0 ' % ' ° f ° Vera " ^cal-polymenzable vinyl monomer 

Outside this range, sufficient solvent resistance and chemical resistance would be less good at too low a content 
whereas a too h,gh content would cause over-crosslinking and hence, cracking of the film 

fnl a^hl' 3 d6Sire IUbnC ' ty t0 SUrfaC8i the c °e o| y™,zat,on of a diorganopolysiloxane classified into 

(n) above having a radical-polymerizable functional group on one end is preferred 

wp J hl L rad n C r a '" P ! l T eri2ab L e Viny ' m ° nomer ls Preferably used in an amount of about 10 to about 1.000 parts by 
mono' ' i ' 7 ?' 9ht ° f S " iCOne r6Sin 35 ,he firSt c ° m Ponent. Less than 10 parts by weight of the vinyl 
monomer ,s less good with respect to film formability and chemical resistance. More than 1 .000 parts by we,ght of the 
HL n lH°"° mer H may H U : de ! irably f ° rm 9 haV ' ng infen0r weathe -ng resistance and water resistance due to oxidative 
degradation induced by the photocatalyst particles. The use of the radical-polymenzable vinyl monomer ,n an amount 
of about 30 to about 300 parts by weight is even more preferable onomer in an amount 

oolvmPnrh t r r " dlS r rSed emUlS '° n Preferably com P r ^es an emulsion polymer of the silicone resm with the radical- 
polymenzable vinyl monomer, and ,s substantially free of organic solvents having a boiling pent of less than 100°C 
and aromatic organic solvents. 

isnnZ' 65 fh h f °T T SO ' VentS ' nClUde 3 " SUCh SO ' Ven,S kn ° Wn t0 the arl such as methanol, ethanol. propanol 
isopropanol, butanol, t-butanol, hexanol, cyclohexanoL phenol and other alcohols: toluene, xylene and other aromatic 

TrZT' ? , 6: methy ' Sthyl ke, ° ne ' mSthyl iS ° bUtyl kSt0ne ' c y cl °"exanone and other ketones: ethyl acetate butyl 
etherl e'thv' ' T T ^ ^ ^ ^ ^ M ^ ^ 'etrahydrofuran, dioxane and other 

ethers^ ethylene glycol monomethyl ether, ethylene glycol monobutyl ether, ethylene glycol monobutyl ether acetate 

a a nd ot ToT 9I t i e r a,,ves: propy,ene 9iyco1 monomethyi eth - ^™ ^ ^ « 

and other propylene glycol derivatives: as well as acetonitnle. dimethylsulfoxide and dimethylformamide These sol- 

I/fid 5 CaiHiO Dnuimnmantol n « ; i < , . , ' u.,,^.^ icoc OkJI 



acetate 
3se sol- 
the for- 



vents cause environmental pollution, are harmful to humans, disrupt the stability of the ' emuisbn 'a^d hmder^ 
mation of a uniform film following application. It is thus preferred that the water-dispersed emulsions of tl 
be substantially free of such solvents. 

cont^^V? ' r f reS ' n/aCry " C resin " composite emulsions are concerned the formation of emulsions 

containing substantially no solvent has been impossible by methods heretofore known to the art, as mentioned above. 
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e ,nc hawinn hinhlu reactive silanol qroups at an end of their molecule, if they are low molecular 



point organi 



^rin^^r,^ 

/I ether, dipropylene glycol monoethyl ether, and dipro- 



d er,va ,ves T h as l-methoxy-2-propano,. 1 -ethoxy-2-propanol, i-methoxy-2-me«hy.ethyl acetate 
nhthalate Of these alkylene glycol derivatives such as 2-ethoxyethyl acetate, 2-butoxyethyl acetate, aietnyiene g y 

wmmmmmM 

polymerization o, an omulsion alter omulsioo polymenzalioio espe oially 1 lo t5 pans by weight per 

'^Surfactants are often used in emuls.on polymerization. The surfactant may be any of nomonic. cattonic and an^ 
SSTX or a, k »la,,y, sullona.es and **V-«°" Y^™^^ 
amounr^aboTo 5 t about ,5% by we, 9 nt. and more p.elerably aboa, , to aboa, , 0% by wetght. based on ,ne res.n 
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solids in the emulsion 



initiaS^KSI^ tT'* T ^ " emUlSi ° n Exampies of the radical polymerization 

In I? T h perSulfates such as Potass.um persulfate and ammonium persulfate: water-soiuble initiators such as 
f 2 N ben 7 ^ r °H en ? 8 r ° X,de! l " bUty ' hydr ° Per0X ' de ' l - bUtyl f>°™»™*>* acid, succinic acid peroxide andT^azobis 
*J^™*Tm£ >Pane l hydr ° C H hl0ride: 0l| - S ° ,Ub,e ' n,tiators ^ - benzoyl peroxide'cumene hyd^perox'de 
ZZL ^f^^^T^^^ 0, CUmy ' P^^^te. cumyl peroxyoctoate and azoisobu^ 
ascor^ 8 redUCin9 a 9 ent Such as sodium sulfite, Rongalite and 

Tvl ?n «= J Lo ! P refera °iy used in an amount of about 0.1 to about 10% by weight and more preferable 
about 0 5 to about 5% by weight, based on the radical-polymerizable vinyl monomer ' * 

type One fmenb^sTh^ 1 ? ^ ' nC ' Ude meth ° dS 9enerall V class '^ '"to two 

nronn hZ , 9 P Wh,Ch the ° rganic SOivent is disti,led off from the solution of the silanol 

group bearing sihcone resm wh.ch is water-insoluble by itself, to leave substantially only the active ingredien tn a 
second step the silicone resin from which the organic solvent has been removed is added to and d.ssolvedT 7a rad icaf 
polymenzable vinyl monomer compound to form a solution thereof In a third step a sur actan, T^Z ? th 
> "rsolutionofsilicone^^^ 

as nZ^T °h St9P ° f SOlVent rem ° Val the S ° fVent is Advantageously driven off xlt^?^^ 

as possible in order to reta.n the highly react.ve silanol groups. Accordingly, this method is suitable fo^ilTcS,^ hai"no 

w r n i7 a : , : s : i c ri c : n,e ^ an ?; exceiient stab,i,ty because the ^ - ™ 7 

Where necessary, use can also be made of what is sometimes referred to as a solvent exchange method in whirh th. 
fhTmS T ' S dr,V r ^ " Pr6SenCe °' 3 relat ' Ve,y hl9h - boi " n 9 -dical-polymer zat ^ vtn^nomeT o t a 
ZTZ^TIV 1 m0n r r tak6S P ' aCe ° f ^ SOlVem °' Van ° US techniques k3n to he art 
^^^^^Trs^^r " 3 b3,Ch Char9 ' nQ Pr ° CeSS ,n Wh ' Ch b3tCh e™'si«ca.ion is 
IhhT™ V h monomer addition process in which polymerization is earned out with the continuous 

addition of a radica.-polymenzable vinyl monomer-containing solution or an emulsion thereof Other technTues tha« 
may be employed are a seed polymerization process ,n which a portion of the emulsion ,s pre-polyme" ed and P o 
ymer.zat.on is continued while adding the rema.nder of the emulsion: and a core-shell polymerizaS process in whlh 
the monomer compositions for the core and the shell differ "wr^uon process in which 

The second mode for producing the emulsion begins with a first step in which the hydrolyzable silane compound 
is hydrolyzed ,n water and condensation-polymerized to g,ve a silicone resin having silanol end gro p Sis s fXwed 
by a second step in which organic solvents such as the alcohol obta.ned as a by-product of hyd rolysTs Ire disced off 

moZeT r ^e'drlh 9 "^;' 63 " 9 S '" COne ^ and ^ 3 ^ ^ a ™^^eSI Tyi 

the s^e re^l Z^Z^T ° f ^ ^ ^^""9 -'-one res,n and water. ,n which 

rL 17 J P dispersed or insoluble state, thereby dissolving the silicone resin in the vinyl monomer 

Ne« 7a^*^T Zable V ' nyl ' 710n0mer SO ' U,IOn ° f S " ICOne r6Sin Separates fram the aque^s phase 
a su factan^T^ h T ,n - COnta,mn 9 Solution resultin 9 from the third step is emulsion polymerized using 

a surfactant. This method inhibits the condensation of the highly reactive silanol groups because the silicone resfn is 
never pre sent by itself in the series of steps. Th,s method ,s thus suitable for waWnsrtub^^ 

Tc has^^Tpared " an " TlT*? ^ ™ » ^ ^ °< ,he -™*o 

qtes a m , Th h h h 9 . ' th ' S S '" C ° ne reSin WhiCh h3S been hydrolyzed and condensed in water 
gives a film having a higher hardness and a better flexibility, as well as an excellent curability. 

Silicone resm emulsions can be prepared in these ways that contain substantially no organic solvent can have a 

b?, t zziiit, 30 i ^ we>ghi preferabiy at ,east 5o% by weight and ^ - n ~ g 

stability even after photocatalyst particles are mixed and dispersed therein 

alv J 0 ^ 1110 ?- t0 , th , e T rSSin emU ' SIOn ' the C ° atin9 com P° slt| on of the invention contains a particulate photocat- 
alyst. The particulate photocatalyst used herein should have a high enough photocatalyt.c activih te Xrade o°o^iL 
groups which are distributed at the surface of the coating and render the surface hydrophob c Preferab e ex lp es 
o the Photocatalyst include titanium oxide, cerium oxide and zinc ox,de. Anatase^ype "titanium oxtde is especfaNy 
preferable on account of its chemical stability and low cost. It is advantageous to use photoca.alys palls w h a 
mean par,,c,e size of less than about 0. 1 urn because the photocatalyt.c activity generally becomes h ghe he smlr 
SchTr er foTm't from i T 'TT ^ ^ ^ ^ S ^ e ^ a'ccordingTo e 

pn^^rptT^pir^ W ' dth °' ^ h ' 9heSt P6ak ^ CryS(alS ' n * he ^ d ' ff — P a - of a 
co^,^ 
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^ST « ^T^S^I^^ Lining pounds such as .edaisap.dpy, = 

SUb sigh, slices as m. UV-con.a.ning retired ,o rende, ,he . M ^^'^^"^'S 
,„ le „s, ly L y da used. p r ».dad » "^TZThS^ « JU 
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^ Th^ IS/ 3115 ° n Eafth ' S SUffaCe C ° nta,nS UltraV, ° let "9 ht With a dos ^ <* about 0 1 to 1 mVvW 

mmmmm 
======== 

EXAMPLE 

The following examples are provided to illustrate the invention. All parts and percents are by weioht 
Preparation Example 1 

A 2-liter flask was charged with 800 g of water, to which 408 g (3.0 mol) of methyltrimethoxvsilane was adri^H an n 



the silanol group content 



(CH 3 ) 10 Si(OH) 034 O,3 3 

«*J^xzzz^j^£%r s * en * ,rom ,h,s s,,,co " 8 ,esi - ma —°< ^ 
« « a E^^irii^^r: , ) B ol a MMA so,u,ion <a - * hm -° a °™°° — - 

Preparation Example 2 



mol I" watehS ?^ Char9ed * T 9 < 3 ° m °° ° f meth ^n m ethox y s„ane and 300 g of toiuene. to which 41 g (2 23 
mol, as water) of 2.0% aqueous hydrochloric acid was added dropwise and mixed at 4n°r an . ^.h 



stirring, over a 
e hour at 40' 

T he , T „ mg liquid was llllered lc °:™ a zz:":zz?:: "2^:™ soiui,on - otc and 50 ^ 
ana,;:,: rrr:^ b> gpc °- — 
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(CH 3 ) l0 Si(OCH 3 ) 00 3(OH) 0l7 O 140 

The level of methanol by-product from this silicone resin was at most 1 .4% (silicone resin basis). 

Next the toluene was dfsSled off from this toluene solution under conditions of 50°C and 50 mmHg, at which the 
condensation reaction that occurred was negligib.e, thereby giving a powder. This silicone <™W^\™* 
volatiles content of 0 3% (105°C, 3 hours). The silicone resin powder was then dissolved in methyl methacrylate (MM A) 
; o fSm a MMTldution (A-2a) containing 70% of the silicone resin, and a MMA so.ution (A-2o) containing 40% of the 
silicone resin. 
Preparation Example 3 

A 5-liter flask was charged with 1 ,500 g of water 900 g of toluene and 350 g of methanol, following which 423 g 
(2 O ^^n^^ane and 142 g (0.8 mo.) of n-propyltnchlorosilane were added "V™™^** 
one hou whHe stirring, thereby carrying out a hydrolysis reaction. Stirring a. room temperature tor 2 hours ^was followed 
by ripening at 40°C for 3 hours. To the solution was added 800 g of 10% sod.um surtate ,n water and I 20 m nutes of 
st r ing was earned out. The liquid was left at res, and the aqueous phase that formed was separated off This wate, 
washinq step was repeated two more times, thereby giving a toluene solution of the silicone resm. The toluene was 
Ts d 9 fromthis solu^on under conditions of 60°C and 10 mmHg, at which the 

was neg.igible. thereby giving 313 g of a solid silicone resin (S-3) in a powder form. Th,s silicone resm had a volatiles 
content of 0.3% (105°C, 3 hours). It is represented by the average compositional formula. 

Ph Q 71 (CH 3 CH 2 CH 2 ) 029 Si(OCH 3 ) 0 03 (OH) 0 15 0 1 41 

Wh "::sTo» a sCe > ',erwas dissolved ,n , 35 g c me.hacr,* » P-pare «B g o, a MMA so,u„<,n <A-3, 

containing 70% of the silicone resin. 

Preparation Example 4 

A 5-liter flask was charged with 500 g of methanol, 408 g (3.0 mol) of methyltrimethoxysilane, and 248 g (1 .0 mol) 
of 3-met Lc foxypropylmemyldimethoxysilane. Wh„e cooling below 10°C. 81 g (4.5 mol) of 2.0% aqueous hydrochlo ,c 
acd wa added dropwise to the flask, thereby carrying out a hydrolysis reaction. Stirring at room - 
hours was followed by ripening at 40°C for 3 hours. Methanol and low-bo,ling substances were then completely driven 
o from the resultm/me'thano, solution of silicone resm under conditions of and 50 mmHg, a wh,^ neg^b 
condensation arose, thereby giving 422 g of a viscous, light-yellow silicone resm hquid (S-4 . This silicone resin 
a volatiles content of 4.5% <105°C, 3 hours). It is represented by the average compositional formula. 



(CH3), 0 Ro. 25 Si(OCH 3 ) 0 22 (OH) 0 ^O, 14 

"quid in 173 g of methyl methacrylate to prepare 595 9 of a MMA solution (A.) 

containing 70% of the silicone resin. 
Preparation Example 5 

Hydrolysis and condensation reactions were earned out in the same manner as l ^, Pre P ara '7 flq EX n a 7' e m 4 o| ^; 
using 554 g (2.8 mol) of phenyltrimethoxysilane, 45 g (0.4 mol) of dimethyld.methoxys.lane and 189 g (0 £ I mol of 
3 g,ycidox y propyltr,methoxys„ane instead of the methyltrimethoxysilane and 

ime hoxysLe used in Preparation Example 4. There were obtained 538 g of a liquid silicone resin (S-5) having the 
c^S^a. lo^ mdicated below and a volati.es content o, 3 8%. and 768 g of a MMA solution (A-5). The silicone 
resin (S-5) is represented by the average compositional formula: 

P h 0.7( CH 3V2 R 0.2 Si ( OCH 3 ) 0.i8(° H )0.20 O ,.26 
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wherein R is a 3-glycidoxypropyl group. 

Preparation Examples 6 to 19 describe the preparation of emulsions. 

Preparation Exam ple fi 

A polymerizer equipped with a nitrogen gas inlet was charged with 584 parts of pure water, and with 0 38 part of 
iTZT^eTcTJ 7 ? PartS ,H° f b °: iC aC ' d 35 PH bUffefS A,tSr thS te -P^ture o, the polymerizer contents 
Ronoa e L 0 10 naT nf P ^™" Zef WaS ? ur 9 ed Wlth nitra 9^ To the polymerizer were added 4 parts of 

Rongahte L, 0 0 pari .of 1 /„ aqueous disod.um ethylenediaminetetraacetate and 0.03 part of a 1% aqueous solution 
of ferrous sulfate. At the same time, a mixture composed of 448 parts of silicone resm.ontaming M MA solution (A °) 
112 parts of butyl acrylate, 1 .68 parts of t-butylhydroperoxide (purity. 69%), and 11 .2 parts and 5 6 parts respectively' 
Se ILuKkT T S , N °!2 EN RN " 2 ° H ' TENOL HS ' 1 ° (tfade nameS: ^th manufactured' by Danch Kog^o 

at 60-C Thi , 8 " Sd ° V6r " Pen ° d ° f 2 hOUfS Wh " e mainta '™9 ^ temperature within the polymerizer 

The resume T' " ,W ° ^ * ^ ,hereb * P°'y— zation to completion. 

The resulting emulsion (E-1 ) had a solids concentration of 50.6%. 

Preparation Examples 7 to 10 

P Em r IS '°p S (E "? L° <E " 5) haVi ° 9 S °" dS concentrat ' ons of 48 to 52% were obtained by the same method as in 
Preparation Example 6 except that silicone resin-containing MMA solutions (A-2) to (A-5) were used. 

Preparation Example 11 to 12: Emulsions containing no MMA 

A liquid mixture of 100 g of silicone resin (S-4, S-5) and 3.0 g of the nonionic emulsifying agent polyoxyethylene 
sorbin monooleate was stirred a, a high speed using a homogenizer while at the same time gradually adding a d 
^ ; 143 J° f pUre Wa ' er ,hereb V ca "y>ng out emulsification. High-speed stirring was continued thereafter under 
the same conditions, resulting in the formation of a milky-white water-dispersed silicone resin emulsion (E-6 E-7) 
having a solids concentration of 40%. K ' 

Preparation Example 13: Silane addition t o acrylic emulsion, followed by copolvmerization 

A polymerizer equipped with a n.trogen inlet was charged with 400 g of water, 70 g of methyl methacrylate 25 q 
of butyl acrylate and 4 g of su.fosuccinic acd diester ammonium salt, which were emulsified by high-speed stirnng 
The emulsion was heated to 80°C. then combined with 0.5 g of ammonium persulfate and stirred for 2 hours 5 

o ?S»£T e l 6 T N6Xt 3 " qU ' d miXtUre C ° mPOSed ° f 300 9 ° f W3ter 200 9 ° f meth y' -ethacry.ate. 120 g 
of butyl aery ate, 4 g of sulfosucc.nc acid diester ammonium salt and 1 g of ammonium persulfate. and a liquid mixture 
composed of 8 g of 3-methacryloxypropyltrimethoxysilane, 41 g of methyltrimethoxysilane and 33 g of dimethyldimeth- 
oxysilane were separately added dropwise to the polymerizer over a period of 3 hours. The contends of the poly m el er 
werereacted a, 90°C for 5 hours, thereby obtaining a silicone resin emulsion (E-8) having a solids coTeSion of 

Preparation Example 14 

An emulsion (E-9) having a solids concentration of 41 .8% was obtained by the same method as in Preparation 

Ts::Zlj:Z sll" ° f ^^^W^^*™***™* and 90 g of pheny^ethoxyiS t 
used instead of the 3-methacryloxypropyltrimethoxysilane, methyltrimethoxysilane. and dimethyldimethoxysilane. 

Preparation Example 15: Silane hydrolysis , followed bv acrylic emulsion copolvmerization 

A reaction vessel was charged with 200 g of deionized water, to which 20 g of 1.0% aqueous hydrochloric acid 
was added to g,ve a weakly acdic aqueous solution. To the solution was added 20 g o, methyltrie.hoxXe and 6 g 
30 »C a, Z I yPr °H y tnmem ° X V Sllane "y^V™ taction was carried out while maintaining the temperature X 

Nex? SO n of H° ° ne H " 3 6ar aqUe ° US S °' Uti0n ° f 8 Si " COne reS ' n beann 9 numerous silano1 ^ ^s obtained 
Next, 50 g of deiomzed water and 0.6 g of a surfactant HITENOL N-08 (manufactured by Da.ichi Kogyo Seiyaku K K ) 
were added and thoroughly dissolved therein, y.eldmg an aqueous emulsion of the silicone resin. In a separate pro- 
cedure, a liquid mixture was prepared by the preliminary emulsification of 0. 1 g of potassium persulfate. 1 2 g of methyl 

Ter aTenod o °" ?T°' ^ ^ ° 03 9 °' H ' TEN ° L N "° 8 Th ' S " qU * d mbrture W9S added' dropw se 

over a period of one hour to the aqueous emulsion of silicone resin while maintaining the system under a nitrogen 
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atmosphere and at 70 to 80°C, thereby carrying out emuls,on polymerization. After the completion of d^seacWW^ 
stirring was continued for 3 hours at 70 to 80°C, yielding a silicone resin-conta,n,ng emuls,on (E-10) having a solids 
concentration of 12.0%. 

Preparation Example 16 

An emulsion (E-11) having a solids concentration of 14.1% was produced by the same method as in Preparation 
Example' s except that 25% of methyltnethoxysilane was used and 10 g of 3-methacnyloxypropylmethyld- 
imethoxysilane was used instead of the 3-methacryloxypropyltrimethoxysilane. 

Preparation Example 17: Addition of silane to e mulsion polymerized emulsion 

A vessel equipped with a stirrer was charged with 200 g of a methyl methacrylate-butyl ac ^f° ™^™<*™ te ™ 
obtained by emulsion polymerization (solids content. 50%), and the system was adjusted to P H 6.0 to 7.0 wjabuje 
While maintaining the emulsion at 25°C. 20 g of methyltnethoxysilane was added dropw.se over 20 minute s and was 
fully absorbed into the emulsion by high-speed stirring. There was obtained a s.lane-conta.n.ng emulsion (E-1 2) having 
a solids concentration of 48.1%. 

Preparation Example 18 

An emulsion (E-1 3) having a solids concentration of 49.9% was produced by the same synthesis method as in 
PreparaZExample 17 except that 10 g of methyltnethoxysilane and 10 g of 3-methacry,oxypropyltrimethoxys„ane 
were used instead of 20 g of methyltnethoxysilane. 

Preparation Example 19 

An emulsion (E-14) having a solids concentration of 51.2% was produced by the same synthesis method as in 
Preparation Example 1 7 except that 20 g of methyltrimethoxysilane oligomer (trimer on the average) was used instead 
of 20 q of methyltnethoxysilane. 

Examples 1 to 20 and Comparative Examples 1 to 6 describe the preparation of coat.ng compositions. 

Examples 1 to 20 

Coating fluids were prepared by blending Emulsions (E-1 to E-14) synthesized ^W*™^]"* ^ 
an anatase type titanium oxide sol having photocatalytic activity (water-dispersed: solids content, 1 5 A>. mean partide 
size 0 01 urn" colloidal silica (water-dispersed: solids content. 15%). deionized water, and aluminum Perchjorate or 
sodium acetate as the curing catalyst in the proportions shown in Tables 1 and 3. These coating fluids were applied 
and cured under the conditions indicated below. The tests described below were performed on the coatings. 

Comparative Examples 1 to 6 

Coating fluids containing no titanium oxide sol photocatalyst were prepared by blending the ingredient! s in .the 
proportions shown in Table 2. The same tests as in Examples 1 to 20 were performed on the coatings obtained from 
these coating fluids. 

(1) Application of Coating 

Method of AppTaton P The coating fluid was applied with a No. 14 bar coaler, air dried for 30 minutes, and 
then cured at 1 50°C for 20 minutes, forming a coating having a thickness of about 0.5 to 5 urn. 

(2) ^oXsampTeswere mounted on a weathering panel (tilted at 45") set up on the grounds of Silicone-Elec- 
tron.cs Materials Research Laboratory of Shm-Etsu Chemical Co.. Ltd. (Matsu,da-cho, Usui-gun. Gunma, Japan) 
and exposed to sunlight for an outdoor exposure period of 2 months. 

s ^ A 5-.I drop,et of pure water was dropped onto the sample surface and the , cent act 

angle was measured 30 seconds later us.ng a contact angle tester Model CA-X150 (manufactured by Kyowa 

Ka ' m cTnt?min k a U nt K adhesion, Cracking resistance: Before and after the outdoor exposure test, the coating was vis- 
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ually assessed for contaminant adhesion and cracking. 

(4) Storage Stability of Coating Composition 

After the coating composition was stored at 30°C for 1 month, its appearance as the liquid (presence or ab- 

TroZ^rUnrZ^T' f ^ ViSC ° Sity> ^ the C ° nM, ° nS ° f the COatin 9 (appearance, ability to become hy- 
drophilic) formed therefrom were examined and compared with the results of the fresh composition 

(5) Organic Solvent Content Within Coating Composition 

arri Zl°n^ n]C SO ' Ven ' COntent Wlthin the coatin 9 composition was quant.tatively determined by an internal stand- 
ard method using gas chromatography. 

The results of these tests are presented in Tables 1 to 3. 

Table 1 
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Constituents 
(parts by weight) 








Examples 






1 


2 


3 




5 


6 


7 


8 


9 


10 


11 




Emulsion E-1 


100 












100 












Emulsion E-2a 




100 












100 








20 


Emulsion E-2b 






100 




















Emulsion E-3 








100 


















Emulsion E-4 










100 










100 






Emulsion E-5 












100 










100 




Titanium oxide 
sol 


350 


267 


133 


400 


200 


167 


67 


450 


267 


333 


133 




Silica sol 


17 


67 


33 




80 


33 


17 












Aluminum 
perchlorate 








■ 




1 














Sodium acetate 














1 




1 








Deionized water 


1633 


1565 


670 


1766 


539 


699 


441 


624 


382 


2899 


3699 


35 


Contact angle 

(before 

irradiation) 


76 


82 


78 


71 


86 


68 


89 


82 


86 


76 


89 


40 


Contact angle 
(after 2 weeks) 


6 


10 


48 


2 


12 


41 


61 


7 


12 


4 


64 




Contact angle 
(after 2 months) 


2 


5 


24 




4 


18 


42 


4 


5 


1 


51 


45 


Contaminant 
adhesion 




excel 


excel 


excel 


excel 


excel 


excel 


excel 


excel 


excel 


excel 




Cracking 
resistance 




excel 


excel 


excel 


excel 


excel 




excel 


excel 


excel 


excel 




Storage stability 


excel 


excel 


excel 


excel 


excel 


excel 


excel 


excel 


good 


excel 


excel 


50 


Organic solvent 
content (wt%) 


0.0 


0 0 


0.0 


0.0 


0.1 


0.1 


0.0 


0.0 


0.0 


0.1 


0.1 
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Table 2 
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Constituents (parts by weight) 


Comparative Examples 




1 


2 








6 


Emulsion E-1 


100 












Emulsion E-2a 




100 










Emulsion E-2b 














Emulsion E-3 














Emulsion E-4 










100 




Emulsion E-5 












100 


Titanium oxide sol 














Silica sol 


367 


334 








200 


Aluminum perchlorate 


1 


1 











Sodium acetate 














Deionized water 

Contact angle (before irradiation) 


1633 
80 


1565 
92 


74 


76 






82 


91 


Contact angle (after 2 weeks) 


77 


86 


70 


70 


80 


88 


Contact angle (after 2 months) 


74 


86 


68 


66 


74 


85 


Contaminant adhesion 


poor 


poor 


poor 


poor 


poor 


poor 


Cracking resistance 


fair 


poor 


poor 


fair 


poor 


fair 


Storage stability 


good 


excel 


excel 


excel 


good 


good 


Organic solvent content (wt%) 


0.0 


0.0 


0.0 


00 


0.1 


0.1 



Table 3 
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Constituents (parts by weight) 


Examples 








12 


13 


14 


15 


16 


17 


18 


19 


20 




Emulsion E-6 


125 




















Emulsion E-7 




125 
















40 


Emulsion E-8 






100 
















Emulsion E-9 








100 














Emulsion E-10 










100 










45 


Emulsion E-1 1 












100 










Emulsion E-12 














100 








Emulsion E-1 3 
















100 






Emulsion E-1 4 


















100 


50 


Titanium oxide sol 


400 


167 


260 


143 


54 


50 


133 


200 


267 




Silica sol 


33 




65 


36 


14 




33 


33 


53 




Aluminum perchlorate 






1 


1 


1 




1 


1 




55 


Sodium acetate 






















Deionized water 


400 


646 


| 1329 


420 


51 


105 


1234 


730 


2847 
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Constituents (parts by weight) 










Examples 










12 


13 


14 


15 


16 




18 


19 


20 


Contact angle (before irradiation) 


80 


89 


78 


80 


88 


66 


69 


72 


67 


Contact angle (after 2 weeks) 


12 


22 


48 


61 


24 


53 


51 


20 


15 


Contact angle (after 2 months) 


1 3 








20 


22 


48 


18 


10 


Contaminant adhesion 


excel 


excel 


excel 


excel 


excel 


excel 


excel 


excel 


excel 


Cracking resistance 


good 


good 


excel 


good 


excel 


excel 


good 


good 


good 


Storage stability 


good 


good 


good 


good 


good 


good 


excel 


good 


good 


Organic solvent content (wt%) 


0.7 


0.4 


0.2 


0.3 


2.5 


2.4 


0 3 


0.5 


0.0 



With outdoor exposure, the coatings containing titanium oxide sol as the photocatalyst showed a marked decline 
m the surface contact angle and exhibited a self-cleaning effect. These coatings were thus confirmed to b'anLuHng 
Preparation Example 20 

A 2-liter flask was charged with 850 g of deiomzed water and 8. 1 g of 1 N hydrochloric acd While the flask was 
cooled w,th water so as to maintain the interna, temperature below 30°C, with stirring. 816 g (6 0 mol of methyTtn 
methoxysilane and 38 g (0.32 mol) of dimethyldimethoxysilane were added dro P w,se over 2 hours foThyd^lys" The 

a 2 iTZZVo P o e T e h d e f0r 6 t h ° UrS 3 °° C Methan °' f ° rmed W3ter — dlSt " led ° ff at 6 °° C — 
in a total amount of 580 g. The reaction solution, which was cloudy at this point, was left to stand whereupon the silimnp 

addedtr l t0 , the T ^ T ° ^ ^ 9 °' ^ U) and 213 g oT^^e ^Zl 

w T rSS,n a9a " 0btam,n9 902 9 ° f 3 MMA/8A SOlutlon of s '" cone — n tL so ution was 

aMowed to stand whereupon the aqueous layer separated off. To the organic layer. 18 g of 2-butoxyethvl acetate Zl 
added, obtaining a MMA/BA solution (A-6) (solids concentration 47.1%) of silicone resfn S« 
6) is represented by the average compositional formula: ( 



(CH 3 ) 105 Si(OH) 04l O 127 . 

Preparation Example ?1 

with Iwl^f ^ ^ 3 T d ^ 700 9 ° f dei ° niZed W8ter and 2 °9° f1N acetic acid. While the flask was cooled 
S ,ntemal tempefatUre b6lOW 30 ° C ' Wlth stirrin 9. 544 9 < 4 -° -ol) o, methyltrimethoxysilane 

The )I J ^S^'^P^Py^^hy'dimethoxysilane were added dropwise over 1 -1/2 hours for hydrolysis 

The reaction solution was ripened for 5 hours a, 30°C. Methanol formed and water were distilled off at 6o"c and 30 
mmHg in a total amount of 392 g. The reaction solution, which was cloudy at this point, was left to stand whereupon 
BA^'weT hTh TV f ' aSk b ° t,0m - T ° ^ 21 3 9 ° f meth *' -ethacrylate (MMA) and 1 42 g S buj aLrySe 

si ,o Z T h? ' S 9 S " iCOne rSSin a ° aia 0bta,n,n9 720 9 ° f 3 MMA/BA solutlon °' -'-one resin The 
solution was allowed to stand whereupon the aqueous layer separated off. To the organic layer 72 g of 2-butoTye2l 
res n obtaining a MMA/BA solution (A-7) (solids concentration 43, %)oL,cone resin (I 7) Th Z Ee 

resin (S-7) ,s represented by the average compositional formula: 



(CH3) 10 R 0n Si(OCH 3 ) 00 3(OH) 040 O 12 3 

wherein R is 3-glycidoxypropyl. 
Preparation Example 22 

water lTZ7 4 7ZZt^ * ''T ^ 983 ' n ' et W3S Char9ed Wlth 300 P arts ° f lionized 

the laZl I T carbonate and 4.7 parts of bone acd as the pH buffers. After the temperature of 

the polymenzer contents was raised to 60°C while stirring, the polymenzer was purged with nitrogen. To the pdyme rizer 
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^ h 1 7. n*rt* of Ronaalite L 0 12 part of 1% aqueous disodium ethylenediaminetetraacetate and 0.04 part 
^ 1 5 oart o T-methacryloxypropyltrimethoxysilane, and 2. 1 parts of t-buty hydroperoxide (purrty 69%) to an aque- 

for another two hours at 60°C, thereby bringing polymerization to completion. The resulting emulsion (E-15) had 
solids concentration of 44.8% and pH 7 2. 

Preparation Example 23 

By following the same procedure as in Preparation Example 22 except 
solution (A-7) was used, an emulsion (E-1 6) having a solids concentration of 42.6 /„ was obta.ned. 

Examples 21-34 

1 to 20 The tests were performed on the coatings as in Examples n to 20. The results are shown ,n Table 4. 



30 



35 



45 



50 



55 
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The coating fluids prepared by the methods in Preparation Examples 1 to 9 had the best storage stability The 
co Jng flu's prepared by the other methods contained relatively high levels of organic solvent. As a result, ,n spite of 
^excellent antLlmg properties of the coatings obta.ned by the application of the latter coating fluids immediate^ 
ioSowTng their preparation, these had an inferior storage stability, as evidenced, for example, by the formation of pre- 
cipitates in the fluid and the diminished appearance of the coating following one month of storage. 

" Although some preferred embodiments have been described, many modifications and vanafons ™V ^ made 
thereto in light of the above teachings. It is therefore to be understood that the invention may be practiced otherw.se 
than as specifically described in the Examples, with reference to the general teachings herein. 



Claims 

1 A coating composition comprising an emulsion of a silicone resin dispersed in water, and photoca.alyst particle^ 
wh,ch when irradiated with UV-containing light forms a hydrophilic film having a water-drop contact angle of no 
more than 60°. 

2. The coating composition of claim 1 wherein said photocatalyst particles comprise at least one metal oxide selected 
from titanium oxide, cerium oxide and zinc oxide. 

3. The coating composition of claim 1 or 2 wherein the photocatalyst particles are contained in an amount of 50 to 
200 parts by weight per 100 parts by weight of the silicone resin. 

4. A coating composition comprising an emulsion of silicone resin dispersed in water, and P ho <°^ ° f 
g. according to claim 2 or 3, wherein said silicone resin is water-insoluble, silanol group-bearing silicone resin of 
the average compositional formula (1): 

R 1 m R 2 n Si(OR 3 ) p (OH) q O (4 . m . n . p . q)/4 ( 1) 

wherein R 1 is unsubstituted monovalent hydrocarbon group: R* is substituted monovalent hydrocarbon group. R3 
Z unsubstituted or substituted monovalent hydrocarbon group: and letters m, n, p and q are numbers falling in the 
ranges 0 3<m< 1.8. 0<n< 1.0.0 < P < 2.0, 0 < q < 1.7. 0.3<m + n< 1.8,0 < p+q < 3. and 0.3 < m + n +P+ q < 
4.0, whereby said resin can form a hydrophilic film when irradiated with UV-containing light. 

5. A composition according to any one of claims 1 to 4 in which the emulsion is of an emulsion polymer which has 
been obtained from, as main components: 

(i) 100 parts by weight of water-insoluble, silanol group-bearing silicone resin of the average compositional 
formula (1): 

R 1 m R 2 n Si(OR 3 ) p (OH) q O (4 . m . n . p . q)/4 W 

wherein FV is unsubstituted monovalent hydrocarbon group: R? is substituted monovalent hydrocarbon group. 
R3 is unsubstituted or substituted monovalent hydrocarbon group: and the letters m, n p and q are numbers 
falling in the ranges 0.3 < m < 1 .8, 0 < n < 1 .0. 0 < p < 2.0. 0 < q < 1 7, 0.3 < m + n < 1 .8, 0 < P+ q s 3.0 and 0.3 
< m+n+p+q < 4.0, and 

di) 10 to 1 000 parts by weight of radical-polymerizable vinyl monomer, 

sa,d emulsion preferably being substantially free of organic solvents having a boiling po.nt of less than 100 C 
and aromatic organic solvents. 
6 A coating composition of claim 5 wherein said radical-polymerizable vinyl monomer contains 0.01 to 10 mol % of 
a vinyl-polymenzable functional group-bearing hydrolyzable silane of the general formula (2): 



BNSOOCin- *EP 0857770 



EP 0 857 770 A2 



R R' r 

CH 2 =C-R 5 -Si-(OR') 3 _ r (2 ) 

TaZTtllneTaZI" ^ " * ^ ^ * " ° diVa ' 6nt ° r9an ' C 9r ° Up: ' 6tter r 15 °' 1 ° r 2 and Rl and 

bv C eml'^onTr' ,i0n °! Cla ' m f 5 ° f 6 Where ' n Sa ' d emU ' S,0n ° f 3 S " ,COne reSin dls P ersed In ^ has been obtained 
aLThe ra^la?n ° h ^T* °' ^ Water -' nsolubl ^ s " ano1 S^up-beanng silicone res,n of formula (1 ) 

and the rad cal-polymerizable vinyl monomer sa,d mature be,ng substantially free of organic solvents having a 
boning point of less than 100°C and aromatic organic solvents. venis navmg a 

^=^^comS; Wherein Sa ' d emUlS, ° n ° f 3 S, " COne dlSPSrSed — h - ^ed 

leLnTnd" wat a er y " Pr ° dUCt °' hydr ° !yS ' S fr0m ,he r6aCti ° n m ' XtUrS l ° ' eave ° nl * the silano1 9«>up-bearing silicone 

(c) adding radical-polymerizable vinyl monomer to the system consisting essentially of the silanol group-bear- 
ing silicone res,n and water dissolving the silanol group-bearing silicone resin in the radical-polymerizable 

T ? n ; emOVin ? ,here,r ° m IO ° b,ain 3 Sllan °' Rearing s.cone resin-conS n 
solution of the radical-polymerizable vinyl monomer, and 

(d) emulsion polymerizing the silicone resin-containing solution in the presence of a surfactant. 

A hydrophilic film formed from a coating composition according to any one of the preceding cla,ms which has been 

r^r ^rrr^ e fi,m hav,ng a hydroph,,,c — ^ ~* a — P 

An article coated with a hydrophilic film of claim 9. 
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(54) 

(57) A coating composition which is comprised of an 
emulsion of a silicone resin, typically a water-insoluble, 
silanol group-bearing silicone resin dispersed in water 
and contains photocatalyst particles, typically titanium 
oxide forms a hydrophilic film having a water-drop con- 
tact angle of no more than 60° when irradiated with UV- 



contaming light. The composition eliminates the use of 
organic solvents and has excellent dispersion and stor- 
age stability. Films obtained by applying this coating 
composition to the surface of substrates have excellent 
weathering resistance and antifouling properties due to 
a self-cleaning effect arising from the photocatalytic ac- 
tion of the particles. 
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